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Inverse problem in EEG

General description

[ State of the art ]
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\. > 1 . J . J \%___ EEG source imaging
i (ESI)
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, Forward model: Y = LX + € (€ = additive noise)
i ; ! ’ p : :
A . r— Q * N, >>N_:Lnon-invertible
4 ) : 3 ) * Volume conduction/mixing
I . .
: Ill-posed inverse problem: add prior on X to solve
I
+ Sensitive to modeling error I + Corrects modeling errors X — argmjn HY — L){H%71 + /\R(X)
* Relies on inaccurate conductivities _ y ] « Learns accurate conductivities _ _ N X
« Does not exploits complementarity of imaging modalities « Exploits complementarity feedback between imaging modalities v v
I data fitting prior

Supervised learning for ESI

Data simulation Direct inversion™ Model based
i source 3 NNs used: 1D CNN, LSTM, spatio-temporal (ResNet + LSTM) Bi-level optimisation problem
2 simulated dataset + real data: evaluate generalization ability 07,0, = argmin L(X, X) (0)
04,04
train - test GT 1DCNN deepSIF SLORETA S.t. f{ — argmin f, (Y’ LX) + )\fp(X, ¢(X)) (I)
SEREEGA _— - X
based PEREEGA @ @5;1 @ & o 04,0, : parameters of ¢ and 1) NNs
SEREEGA : , _
Loc. Error 0 2.99 5.17 2.64 14.51 ® fo, fp : discrepancy measures (e.g. f,(A,B) = ||A — B||% )
[mm]
SEREEGA )’ ? __ ® L:(, ) . training IOSS funCtiOI]
& \.._‘S: @% @ : g - GT 4DVar LSTM 1DCNN MNE sLORETA
NMM Loc. Error 7.38 9.39
based 3 [mm]
— veg| aeas ST N First results: performances close to direct inversion
data . Future directions:
SEREEGA: Simulating Event Related EEG Activity o . .
MMM = Noural Mase Model , _ _ Many open qugstlons - work to improve results
*Accepted in Frontiers in Neuroscience [3] * Whole evalutatlon, test on real data

Electromagnetic tissue-equivalent phantoms for functional brain imaging

[ Head Anatomy ] k Characteristics of Tissue-equivalent Mixtures ] [ Prototyping ]
L [16m: (2 s \@ca.p N o
5 " 30g of Deionized water = 4g of Agar m .
2 3 = 10g of Polyethylene = Conductive PLA =1,1g NaCl 3D printed skul
§ X% powder filament =» 550g of Deionized water
o = 4g of TX-151 N/
= = 0,06g NaCl mimics the GM

Probe station

Filling the GM-shaped cavity in the Then, inserting the skull into the
3D printed skull with the GM 3D printed mold
mixture

l Mixture

GM
Segmentation of the ICBM-NY head

Conductivity
measurement setu

3D printed skull

o =4,1mS/cm Filling the scalp-shaped cavity with Final 3D head model

/ ;. the scalp mixture

Tissue-equivalent
Mixture

\ o= O,Zn{S/cm
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